While reductions in breast cancer mortality have been evident since the introduction of population-based breast screening in women aged 50-74 years, participation in cancer screening programs can be influenced by several factors, including health system and those related to the individual. In our study, we compared cancer incidence and mortality for several cancer types other than breast cancer, noncancer mortality and patterns of treatment amongst women who did and did not participate in mammography screening. All women aged 50-65 years enrolled on the Queensland Electoral Roll in 2000 were included. The study population was then linked to records from the population-based breast screening program and private fee-for-service screening options to establish screened and unscreened cohorts. Diagnostic details for selected cancers and cause of death were obtained from the Queensland Oncology Repository. We calculated incidence rate ratios and hazard ratios comparing screened and unscreened cohorts. Among screened compared to unscreened women, we found a lower incidence of cancers of the lung, cervix, head and neck and esophagus and an increase in colorectal cancers. Cancer mortality (excluding breast cancer) was 35% lower among screened compared to unscreened women and they were also about 23% less likely to be diagnosed with distant disease. Screened compared to unscreened women were more likely to receive surgery and less likely to receive no treatment. Our study adds further to the population data examining outcomes among women participating in mammography screening.
Introduction
In Australia, the outcomes for people diagnosed with cancer are among the best in the world. 1 Despite this, there remain significant variations in outcomes, related to Indigenous, regional and socioeconomic status. 2 Understanding the reasons for this variance is complex with many potential causes suggested, including lower rates of cancer screening, less access to care, poorer compliance with treatment and late presentations. 2 There is good evidence that screening for cervical and colorectal cancer has resulted in reductions in mortality, and in rates of advanced cancer-a primary goal of a cancer screening programme. 3, 4 Breast cancer screening was introduced into many countries in the 1990s after randomized trials showed reductions in breast cancer mortality. 5, 6 While some of the published findings have been disputed, primarily based on methodological issues, 7 more recent cohort and case-control studies have additionally shown a mortalitybenefit for mammography and as such, the International Agency for Research on Cancer (IARC) states there is sufficient evidence that mammography reduces breast cancer mortality in women aged 50-69 years. 8 Controversy has however continued on the relative benefits from diagnosis of early stage cancers and the limited effects on diagnosis of later stage disease. 9 The over-representation of early stage disease has also raised questions of over-treatment of cancers that might not have been clinically relevant. 10, 11 This has been exemplified by the increase in diagnosis and treatment of ductal carcinoma in situ (DCIS) with no corresponding decrease in rates of invasive cancers. 9 While the risk of death from breast cancer is lower for women participating in mammography screening, all-cause mortality is also lower among patients with screen-detected, compared to those with nonscreen detected breast cancers. 12 A Canadian study found the risk of cancer death in women (excluding breast cancer) was about 26% lower amongst breast screening participants compared to nonparticipants. 13 The study also found the overall incidence of cancers other than breast cancer was about 17% lower in the screened cohort.
Given these results, the question arises whether it is the actual participation in screening that confers this reduction in risk of other cancers and (or) cancer death (excluding breast cancer), or is it perhaps other factors related to individuals who choose to participate in screening. Participation in cancer screening can be influenced by several factors, including those related to the health system (such as access) and those related to the individual (such as health literacy, cancer-related knowledge and beliefs). The likelihood of participation in screening can also be influenced by the presence of comorbidities in individuals, with a recent systematic review finding that women with comorbidities were less likely to participate in breast screening. 14 Additionally, low health literacy levels are reported to be a barrier to participation in screening. 15 Evidence also suggests that individuals who do not participate in screening are also less likely to undertake other primary prevention strategies. 16 However, data from a population-based study of women attending breast screening in Queensland, Australia showed that levels of modifiable breast cancer risk factors in screening participants and a sample of the general population were in fact similar. 17 Australia introduced a biennial mammography screening program in the 1990s (BreastScreen Australia). The program is free of charge to all women in the age group of 50-74 years. Each State breast screening program utilizes the Australian Electoral Roll (ER) to identify women within the target age range (voting is compulsory in Australia and it is estimated that the ER is about 92% complete in Queensland. 18 ) All women identified in the target screening age range are sent letters inviting them to a free screening mammogram with reminders sent every 2 years to those who have been screened. Presentation for screening is then a decision of the woman to attend or not. Rates of breast screening within the Australian population are about 54% and have remained relatively stable over the last couple of decades. 19 In addition to the free national BreastScreen program, women in Australia can also elect to have their mammogram through a private fee-forservice screening clinic. Furthermore, women with a prior history of breast cancer or a family history of breast cancer are eligible for a screening mammogram at any radiology practice, with the cost covered through Australia's public health system (Medicare). While population data on the number of women attending private screening facilities in Australia is unknown, in Queensland a recent population-based study of 3,200 women diagnosed with breast cancer found that for approximately 20% of screen detected breast cancers, the screening mammogram was performed in the private system. 20 Thus, overall participation in breast screening is likely to be higher than the numbers recorded by BreastScreen Australia.
Our aim was to examine outcomes such as cancer incidence and mortality (excluding breast cancer), noncancer mortality and patterns of treatment, in two cohorts of women in Queensland who did and did not participate in mammography screening.
Materials and Methods
Our study was conducted in Queensland, a state of Australia with a population of 5 million. We used the state electoral roll for Queensland, to identify women aged 50-65 in the year 2000. ER records were then linked to BreastScreen Queensland (BSQ), Queensland's state-based free screening program, the Wesley Breast Screening Clinic (WBSC; the largest provider of fee-for-service mammography in Queensland) and then linked to mammograms performed in other private radiology practices for women eligible for a Medicare-funded mammogram. Our study population included two cohorts: a screened cohort (women who had received at least one mammography screen from 2000 to 2005) and an unscreened cohort (women with no history of mammography screening during the same period; Fig. 1 ).
Cohort members were linked to state records in the Queensland Oncology Repository (QOR). QOR consolidates patient information on cancer diagnoses and deaths from the Queensland Cancer Register, Queensland Hospital Admitted Data Collection which includes data on surgery, radiation therapy and intravenous systemic therapy for all public and private health facilities. In Queensland, notification of cancer is a statutory requirement for all public and private hospitals. Death data is obtained from Registry of Births, Deaths and Marriages by the Australian Bureau of Statistics (ABS). ABS uses the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) to code causes of death. Further, the ABS uses the Mortality Medical Data System (MMDS) which allows the classification of multiple causes of death in What's new? Women whose breast cancers are detected via mammography screening are at reduced risk of breast cancer death. These women also experience reductions in overall cancer mortality, suggesting that mammography impacts outcomes of cancers other than breast cancer. In this population-based study of women who did and did not undergo mammography screening, overall non-breast cancer mortality was 35 percent lower among screened women. Incidence was reduced specifically for cancers of the cervix, esophagus, head and neck, and lungs, which frequently are associated with lifestyle behaviors. Screening further impacted early detection of non-breast cancers, potentially facilitating treatment and improving outcome.
accordance with the current version of the International Classification of Diseases (ICD). 21 
Variables included
We included age, socioeconomic status (SES) and residential location. SES was assigned according to the Australian Bureau of Statistics Socio-Economic Indexes for Areas (SEIFA), a census-based measure of social and economic well-being. 22 Residence was categorized into urban or rural, based on the Australian Geographical Classification. 23 Primary cancer site, histology and stage at diagnosis were extracted from QOR and grouped as regional, distant (metastatic), or other. We identified patients whose cancer stage was regional or distant through health administrative data using staging algorithms with reasonable confidence. However, due to the complexities of cancer staging by site (if regional or metastatic spread is not present) we elected to assign patients without evidence of regional or metastatic spread to the "other" category. We included eight cancers in the analysis. Lung, cervix, head and neck and esophageal cancers were chosen based on their known association with lifestyle risk factors such as smoking, alcohol and obesity. 24 We also included pancreatic, brain and ovarian cancers, where lifestyle-associated risk factors have not been established. 24 
Statistical analysis
Incidence rates (per 10,000) were calculated for each cancer and overall in screened and unscreened cohorts, using the number of cancers observed and person-years at risk. We calculated rate ratios for incidence, and hazard ratios for allcause mortality adjusted for age, SES and residential location using Cox regression models for all cancers combined and for individual cancers in the screened compared to the unscreened cohort. Women diagnosed with different cancer types during the follow-up period were included in each relevant cancer group. Those diagnosed with any cancers prior to January 1, 2000, were excluded from the mortality analysis (n = 6,985). We additionally examined rate ratios of treatment received in the screened compared to the unscreened cohort adjusted for age, SES, residential location and stage at diagnosis. We excluded Indigenous status in the analyses due to underidentification of Indigenous women in the unscreened cohort.
Ethical approval for our study was granted by the Metro South Health Human Research Ethics Committee, by the Uniting Care Health HREC (with respect to WBSC data) and by the Australian Institute of Health and Welfare HREC (with respect to linkage of Medicare-funded data).
Data availability
Ethical restrictions apply to the availability of these data, which were used under agreement for our study. Result tables of the complete analyses and further covariables are available upon reasonable request from the corresponding author. 
Results
In 2000, there were 269,883 women aged 50-65 eligible for mammography screening. Of the study population, 211,606 (78.4%) had at least one episode of mammography screening in the following 6 years. Table 1 shows the demographic characteristics of the study population for screened and unscreened women. There were some modest differences in screening participation according to age, SES and location. Cohorts in the mortality analysis and model additionally adjusted for differences in incidence. 1 All models adjusted for age, SES and residence. 2 Participants diagnosed with cancers prior to January 1, 2000 were excluded from both screened and unscreened. 3 Brain cancers excluded from stage analysis. Abbreviations: HR, hazard ratio; RR, rate ratio. Other includes all cases excluding those with regional or distant disease. 2 No treatment received. Abbreviations: CT, intravenous chemotherapy; RT, radiation therapy.
Women aged 65 years were about 10% less likely to have had an episode of screening compared to those aged 50-54 (OR = 0.91, 95% CI = 0.87-0.95) and women living in disadvantaged areas were about 15% less likely to have been screened compared to those in affluent areas (OR = 0.85, 95% CI = 0.82-0.88).
Incidence, stage and mortality
Within the study population, 12,162 women were diagnosed with one of the included cancers from January 1, 2000 to December 31, 2014. Incidence and stage of cancers at diagnosis are shown in Table 2 . Incidence per 10,000 person-years was lower amongst the screened, compared to the unscreened cohort for cancers of the lung (8.6 and 11.8, respectively), cervix (0.7 and 1.7, respectively), head and neck (1.4 and 1.9, respectively) and esophagus (0.6 and 0.9, respectively). We observed a higher incidence of colorectal cancer in the screened compared to the unscreened cohort (13.3 and 11.6, respectively). Across most cancers, a higher proportion of unscreened, compared to screened participants presented with regional or distant disease at diagnosis ( Table 2 ). In the adjusted models (Table 3) , the incidence rate ratio for lung, cervix, head and neck and esophageal cancers in the screened cohort was significantly lower compared to the unscreened cohort. The rate ratio was however higher for colorectal cancer in the screened compared to the unscreened cohort (RR = 1.14, 95% CI = 1.06-1.23; Table 3 ). While cancer incidence, (excluding breast cancer) was about 6% lower, cancer mortality (excluding breast cancer) was 35% (OR = 0.65, 95% CI = 0.61-0.69) lower in the screened compared to the unscreened cohort. When cancer was diagnosed, after adjustment, women in the screened compared to the unscreened cohort were 23% less likely to be diagnosed with distant disease (RR = 0.77, 95% CI = 0.72-0.82). The decreased likelihood of a cancer being diagnosed at a distant stage was observed across cancers of the lung, cervix, colon, rectum and pancreas (Table 3) .
Treatment
The treatment received by stage of cancer is presented in Table 4 . While across all included cancers, a higher proportion of women in the screened cohort with regional disease had surgery compared to those in the unscreened cohort, the differences were more apparent for cancers of the lung, cervix and esophagus. For example, 29% of women with regional stage lung cancer in the screened cohort received surgery, compared to 17% of those in the unscreened cohort. The magnitude of the difference was even greater for cervical cancer.
After adjustment for age, SES, location and stage at diagnosis, surgery was more commonly used in those diagnosed with cervix, esophagus, ovarian, head and neck and colorectal cancers ( Table 5 ) than for the other included cancers. In the screened cohort, there was a greater use of radiation therapy in lung cancer, but less use of radiation therapy in cervical cancer. Intravenous systemic chemotherapy use was more common among screened compared to unscreened women for lung cancer (p < 0.001), colorectal cancer (p = 0.03) and pancreatic cancer (p = 0.02). In the screened cohort, there was less likelihood of a patient not receiving any major treatment modality for lung, ovarian, colorectal, brain and pancreatic cancers ( Table 5 ).
Noncancer mortality
Outside of cancer, noncancer mortality was significantly lower among screened compared to unscreened women due to diabetes, mental disorder/substance abuse, influenza/pneumonia, emphysema, asthma, liver disease, renal disease or any cardiovascular cause including ischemic cardiac disease, heart failure and cerebrovascular disease. Noncancer mortality overall was 43% lower in the screened, compared to the unscreened cohort ( Table 6 ).
Discussion
There remains controversy over the interpretation of screening mammography data for breast cancer. Population and cohort studies have shown consistently lower mortality in screened versus unscreened cohorts. 25, 26 However, the individually randomized Canadian study has raised concerns with the lack of reduction in late stage disease and breast cancer mortality. 10 A recent review focusing on the impact of mammography on incidence of advanced breast cancer noted issues around study design and statistical analysis of published research and does to some degree hamper a thorough review of the effectiveness of screening. 27 There is a suggestion that some of the perceived gain may occur due to overdiagnosis of clinically insignificant lesions (so-called lead-time bias). 28 The Surveillance, Epidemiology and End Results (SEER) registries in the United States have examined breast cancer diagnoses versus death at the county level to approximate screening outcomes. This showed an excess of breast cancer diagnosis was associated with screening, but breast cancer deaths remained unchanged. 29 While controversy continues over the benefits of regular screening mammography across screening outcomes, in our study, we observed differences in outcomes across multiple cancers (excluding breast cancers). Overall, there was a modest but significant fall in the incidence of several of our included cancers. This was more marked for lung, cervix, head and neck and esophageal cancers. These are all cancers where a lower prevalence of lifestyle factors such as smoking is likely to exist in the screened population. 24 The lower incidence and the magnitude of the reduction we found are similar to a Canadian study of screening participants and nonparticipants. 13 For cancers of the cervix, apart from its association with smoking, the lower incidence we observed among screened women may be due in some part to their participation in cervical screening (and thus the potential to identify precancerous lesions). Similar to the Canadian study, 13 we did not observe any decrease or increase in the incidence of other cancers (such as ovarian, pancreas and brain). These are all cancers where lifestyle factors have not been shown to have a significant association. In our study, we did observe a higher incidence of colorectal cancer among screened, compared to unscreened women. While the exact reasons for this increased incidence in a cancer that is predominantly associated with lifestyle factors (such as diet, obesity and physical inactivity) is unknown, it may be that women who participated in mammography screening, also participated in Australia's national bowel screening program, thus providing the opportunity to identify early stage bowel cancers. Australia's national bowel screening program began a phased introduction in 2006. 29 In our study, we did observe about a 40% lower incidence of late stage colorectal cancer amongst the screened compared to the unscreened cohort. Further research may help shed light on these findings. While we did not have more extensive data on the lifestyle behaviors of the cohorts, previous studies have shown those attending mammography screening are less likely to be current smokers, less likely to be obese and more likely to have a physically active lifestyle. 30 We additionally found the hazard rates for cancer mortality (excluding breast cancer) were significantly lower in screening participants. This included all our included cancers except brain and pancreas where mortality is high regardless of stage of presentation. 31 Mortality differences in the included cancers were greater than the corresponding incidence differences. The lower mortality rates for cervical and colorectal cancer, we observed in our study may also be the result of participation in cervical and bowel screening programmes. 32, 33 Again, our results here are similar to those reported elsewhere. 13 We also found screening participants were significantly less likely to present with later stage disease (staging conventions were not applicable to brain cancers). Lower incidence and mortality rates, and earlier stage at presentation for some cancers, all point toward heightened awareness and concern about health among screening participants. This is also apparent when noncancer mortality is examined, with generalized improvement across many causes of death, particularly those linked to modifiable risk factors. Screening behavior has been linked to other desirable health behaviors in several cohort studies in different populations. 34, 35 A Danish study showed a 28% lower risk for all-cause mortality and 24% for cancer mortality amongst screening participants. 35 In our study, we found screening participants were about 30% more likely to receive surgery and about 10% less likely to receive radiation therapy than nonparticipants across our selected cancers. Furthermore, screening participants were about 50% less likely to receive no treatment compared to nonparticipants. This is an interesting finding and while we adjusted for stage at diagnosis in our analysis, it is possible the results may be due to some residual confounding. Additionally, it is known that women with comorbidity are less likely to participate in breast screening, 14 and the presence of comorbidities may to some degree influence treatment options. It is also possible that screening participants are likely to have a healthier lifestyle (no smoking, healthy diet and adequate physical activity) and have established links with health care (such as a general practitioner who would provide ongoing advice and care) and these factors may impact the type of treatment offered (and completed).
Strengths and limitations
Strengths of our study include the large population-based cohorts. Our cohorts included all women aged 50-65 years on the electoral roll. Voting is compulsory in Australia and the electoral roll is estimated to be approximately 92% complete and accurate. 18 A further strength is the linkage of the study population not only to the population-based breast screening program, but also to the largest provider of fee-for-service screening in Queensland as well as mammograms conducted in other private facilities covered by a Medicare (Australia's National Health System) rebate. Additionally, as cancer is a notifiable disease in Australia, we were able to link the study population to our Queensland Oncology Repository (QOR) to obtain details on cancer diagnoses, deaths and causes of death. Further, treatment data was obtained via surgical procedure codes collected with hospitalizations, radiation and intravenous chemotherapy treatment records.
While it is possible that errors occurred during the linkage of the study population to QOR, it is unlikely that errors would have been differential between the screened and unscreened cohorts and thus would not affect any of the estimates unduly. It is possible that women in the unscreened cohort may have had a mammogram outside of the three included sources used in our study. That said, these three sources represent the largest providers of mammogram services in Queensland, and our screening rate of around 78% is in line with published screening rates from BSQ (54%), plus estimates of an additional 20% performed in private facilities. 20, 36 It should also be acknowledged that the findings in our study may be subject to some bias as our "unscreened" group included women with no history of screening for the period 2000-2005, that is, we made no provision for a history of screening prior to 2000. To address the potential biases due to "left truncation," we searched records from the screening facilities we were able to access prior to 2000 (it should be noted we did not have access to all screening records prior to 2000 due to ethics limitations). These records amounted to approximately 20% of all screening records used in the study. With these limitations in mind, we included an additional 9,093 women (15.6% of the original "unscreened" group) with a record of a mammogram prior to 2000 to the "screened" group and re-ran analyses. We found no substantial changes in the direction or magnitude of effect for any of the included outcomes. The greatest change we saw was for lung cancer incidence which increased in the screened group to 8.8/10,000 (from 8.6/10,000) and decreased in the unscreened group to 11.4/10,000 (from 11.8/10,000), however, the direction of effect remained the same. While we did undertake this exercise to examine potential biases, we recognize this process was limited and that caution should be exercised in extrapolating our sample estimates for the entire cohort.
We were unable to collect data on cancers that may have occurred in women who had moved out of Queensland following enrolment into the study. However, migration out of Queensland is relatively low, and census data shows 92% of women in the included age group remained at the same address for the previous 5 years prior to 2006. 37 Additionally, although stage is not routinely collected or recorded in QOR or anywhere in Australian cancer registries, staging algorithms were created to best capture the presence of regional or metastatic disease from health administration data sources for the cohorts. These algorithms have proven comparable against some cancers to SEER but further work needs to be done on each specific type of cancer. While we adjusted for SES in the multivariate analysis, the SES variable used was a broad measure based on an individual's location. We did find some modest correlation with SES and screening participation, but we did not have access to data on education. Education level has been shown to be a consistent predictor of screening participation.
Conclusion
Our study adds further to the population data examining outcomes from mammographic screening. We observed significantly lower mortality from some cancers and in noncancer mortality amongst breast screening participants. Our study also showed breast screen attendees appear to be at lower risk of some cancers, heightened risk of other cancers and experience earlier presentation of some cancers, and have more treatment opportunities.
